INTRODUCTION
only one drug in a group, and we can only suspect that others have the same effect. Some individuals are more susceptible to loss of nutrients than others, and they are more likely to suffer from side effects [Moss 2007] .
A food-drug interaction can prevent a medicine from working the way it should or can cause a side effect from a medicine to get worse or better. Besides, it can cause a new side effect [FDA 2013 ].
TYPES OF DRUG-NUTRIENT INTERACTIONS
DNIs can be mechanistically called in pharmaceutic, pharmacokinetic and pharmacodynamic terms ( Fig. 1) . Pharmaceutical interactions involve physicochemical reactions that occur in a delivery device like enteral feeding tube or within the gastrointestinal lumen. These can affect the bioavailability of a drug or nutrient. Bioavailability is an important pharmacokinetic parameter which is correlated with the clinical effect of most drugs [Bushra et al. 2011] . For example, with the chelation in the presence of enteral nutrition formula, ciprofl oxacin bioavailability can be significantly reduced [Boullata and Hudson 2012] .
Drugs and nutrients can infl uence signal transduction pathways that ultimately impact drug-metabolizing enzymes and transporters through receptor-mediated gene expression. The more that is known about drugs serving as substrate, inducer, or inhibitor of various transporters and enzymes in various tissues, the closer that direct or indirect interaction with nutrients that infl uence these same proteins can be determined or predicted.
Pharmacokinetic interactions infl uence the disposition of a drug or nutrient in the body and involve effects on absorption, distribution, metabolism and excretion [Lourenço 2001 ]. Pharmacodynamic interactions involve the clinical effect of a drug or physiologic effect of a nutrient. Qualitative or quantitative measures of drug action or of nutritional status help to defi ne pharmacodynamic interactions ]. [Boullata and Hudson 2012] 
Fig. 1. Working model of drug-nutrient interactions

HOW DRUGS REACT IN THE BODY
In order to understand food/drug and drug/nutrient interactions, it is important to understand how drugs work in the body. There are four stages of drug action for medicines administered orally:
• Stage 1. The drug dissolves into a useable form in the stomach.
• Stage 2. The drug is absorbed into blood and is transported to its site of action.
• Stage 3. The body responds to the drug and the drug performs its function.
• Stage 4. The drug is excreted from the body either by the kidney, liver, or both [Bobroff et al. 2009 ].
DRUG INTERACTION RISK FACTORS AND IMPORTANCE
Most of people have the mistaken belief that being natural, all herbs and foods are safe. It could not be said that is true perspective. Constantly, herbs and foods may interact with medications normally taken that result in serious side reactions. Experts suggest that natural does not mean it is completely safe. The medication that is taken by mouth travels through the digestive system in the same way as food and herbs taken orally do. When drugs and certain foods are taken at the same time, they might interact in such a way that decrease the effectiveness of the ingested drug or reduce the absorption of food nutrients. High-risk patients, such as the elderly patients taking three or more medications for chronic conditions, patients suffering from diabetes, hypertension, depression, high cholesterol or congestive heart failure should be especially monitored for such drugfood interactions [Yaheya and Ismail 2009] .
Insuffi cient nutritional status can impair drug metabolism. Some people at higher risk for drug-nutrient interactions. They are who [Zyl 2011 ]:
• have impaired hepatic, renal or gastro-intestinal function • are nutritionally compromised due to chronic disease • have recent weight loss or dehydration • are on multiple and prolonged drug therapy • are at the extremes of age with changes in lean body mass, total body fl uids and plasma protein concentration.
Although the term DNI often carries a negative connotation, some interactions can be considered positive in effect. Whether positive or negative, DNIs have erroneously been considered less relevant than drugdrug interactions; a comparison of views is interesting. Even though not the case initially, interactions between drugs or one itself have long been recognized as infl uencing patient outcomes via altered drug disposition and effect. Drug interactions contribute to adverse drug effects, leading to hospitalizations and even to withdrawal of approved drugs from the market. During 4-year period, it is seen from 20 million patients suggestion that nearly 250,000 adverse drug reactions occurred when evaluating of several database. Although nutritional disease ranked in the top fi ve comorbid conditions among hospitalized patients, DNIs has not yet been determined in this groups. The science of describing drug-drug interactions has evolved considerably, to the point where they are widely recognized, identifi ed, and managed in practice. In part, this is supported by the drug development and approval process. Conversely, the recognition of DNIs' importance to practice has grown much slower. The US Food and Drug Administration (FDA) does not include an evaluation of DNIs in its guidance process for drug development. This guidance document does provide criteria on determining the signifi cance of an interaction (i.e., degree of change in biomarker or parameter) so it could be applied to DNIs [Boullata and Hudson 2012] .
When the risk of interactions is mentioned, there is of tenly some doubt in people's mind about taking drugs on a full or empty stomach or using alcohol with drugs. These factors are described briefl y below. In addition, grapefruit juice is an signifi cant drink that has been subject of many scientifi c studies related with the food and drug interactions. For this reason, it is useful to mention here, grapefruit juice in particular.
Taking drugs on a full or empty stomach
The effects of some medicines can change when using them on a full or empty stomach. In addition, some medicines will upset the stomach, and if there is food in the stomach, that can help reduce the upset. If medicine label has not got directions of use, the patients must ask their doctor or pharmacist if it is best to take medicines on an empty stomach, with food, or after a meal. www.food.actapol.net/
Taking drugs with alcohol
The alcohol can affect the work of medications in the basic conditions such as [FDA 2013 ]:
• swallowing medicine with alcohol • drinking alcohol after medicine has been taken • taking medicine after alcohol.
Alcohol affects body processes and interacts with many drugs. It infl uences many types of medications especially antidepressants and other drugs that affect both brain and nervous system. For example, taking alcohol with metronidazole can cause fl ushing, headache, palpitations, nausea and vomiting [Yaheya and Ismail 2009] . Patiens should talk to their doctor about any alcohol that they use or plan to use.
Grapefruit juice
Grapefruit juice and drug interactions are well known interactions as compared to other nutrients. However, its infl uence on all drugs is not known. Grapefruit juice blocks cytochrome P450 and IA2 (CYP3A4 and CYP1A2) in the intestinal area [Tamer and Karaman 2006] . This juice should not be taken with certain blood pressure-lowering drugs or cyclosporine for the prevention of organ transplant rejection. The reason is that grapefruit juice can cause higher levels of those medicines in the body, making side effects from the medicine more likely. The juice can also interact to cause higher blood levels of the anti-anxiety medicine Buspar (buspirone); the antimalaria drugs Quinerva or Quinite (quinine); and Halcion (triazolam), a medication used to treat insomnia [Avoiding... 2013] . Excessive ingestion of grapefruit juice increases the bioavailability of lovastatin, atorvastatin and simvastatin by 1400, 200 and 1500%, respectively. This may lead to drug accumulation and the possible development of adverse effects [Scheen 2007 ]. The components which lead to all such negativite reactions in grapefruit juice are defi ned as naringin, naringenin, furanokumarin, bergapten (5-methoxypsoralen) and fl avonoids [Tamer and Karaman 2006] .
CLASSIFICATIONS
Drug-nutrient interactions could be classifi ed into one of fi ve broad categories (Table 1 ). The many types of drug-nutrient interactions could thus be categorized with each having an identifi ed precipitating factor and an object of the interaction. In some cases, the drug is the precipitating factor (i.e., causing changes to nutritional status), while in others the drug is the object of the interaction (i.e., changes in drug disposition or effect result from a nutrient, food, or nutritional status). In the event of the precipitating factor produces signifi cant change in the object of the interaction, Interactions that need to be totally avoided are not common; instead close monitoring with modifi cation to the dosing schedules is usually all that is necessary. The nature of any physicochemical or physiologic interaction and its mechanism might be further classifi ed to help in predicting and preventing their occurrence ( Table 2 ). Mechanisms of an interaction relate to the physicochemical attributes of the medication and of the food or nutrient, within the environmental matrix. The consequence of an interaction (altered disposition of a drug or nutrient) is linked to its location. For example, at the gastrointestinal mucosa, an infl uence on membrane transporters and/or metabolizing enzymes can alter the bioavailability of a drug or nutrient. Another dimension to be considered is that physiologic manifestations of a drug-nutrient interaction may differ based on gene polymorphism (e.g., methotrexate and folic acid). The role of polymorphisms in nuclear receptors, metabolizing enzymes, and other proteins needs to be taken into account ].
FOOD AND DRUG TRANSPORTERS
The investigation of the effects of drug transporters on drug disposition has been continued for many years [Custodio et al. 2008] . The oral administration of drugs to patients is convenient, practical, and preferred for many reasons. But oral administration of drugs can lead to limited and variable oral bioavailability because of absorption across the intestinal barrier. Drug absorption across the gastrointestinal tract is highly dependent on affi nity for membrane transporters as well as lipophilicity. On the other hand, the liver plays a key role in the clearance and excretion of many drugs. Hepatic transporters are membrane proteins that primarily facilitate nutrient and endogenous substrate transport into the cell via uptake transporters, or protect the cell by pumping out toxic chemicals via canalicular transporters. As a result, drug transporters in both the gut and the liver are important in determining oral drug disposition by controlling absorption and bioavailability.
Until recently, it is not much considered to the possibility that food and food components could cause signifi cant changes to the extent of drug absorption via effects on intestinal and liver transporters. Now, it is well known that drug-food interactions might infl uence the pharmacokinetics of prescribed drugs when used with food. Phytochemicals which are involved in common foods, such as fruits and vegetables contain a large variety of secondary metabolites. Many of them are known as healthy and harmless. However, we know little about the processes through which these phytochemicals (and/or their metabolites) are absorbed into the body, reach their biological target, and are eliminated. Recent studies show that some of these phytochemicals are substrates and modulators of specifi c members of the superfamily of ABC transporting proteins. Indeed, in vitro and preclinical data in rats suggest that a variety of foodstuffs, including herbal teas and vegetables and herbs can modulate the activity of drug transporters. It is not yet known whether these effects are predictive of what will be observed clinically [Fragoso and Esparza 2013] .
FOODS AND DRUG-METABOLIZING ENZYMES
Drug-metabolizing enzymes (DMEs) include phase I cytochrome P450 (CYP) oxidative and phase II conjugative enzyme systems. CYP monooxygenases are important phase I enzymes. They catalyse different types of oxidative reactions and they are responsible for the metabolism of various drugs and many endogenous substrates (e.g. steroids, fatty acids and eicosanoids) [Yao et al. 2012] . The relative abundance of different CYP450 in human hepatic smooth endoplasmic reticulum has been determined as 30% CYP3A4, 13% CYP1A2, 7% CYP2E1, 4% CYP2A6, 2% CYP2D6, 20% CYP2C, and 1% CYP2B6. In humans, the extent of drug metabolism varies with the individual CYP isozymes as follows, 50% of drugs are metabolized by CYP3A4, followed by 25% and 20% by CYP2D6 and CYP2C family, respectively [Mukherjee et al. 2011] .
In general, drugs and chemicals activities result in the formation of more water-soluble and less toxic metabolites under phase I oxidative metabolic reactions. On the other hand, some CYP enzymes such as CYP 1A1, 3A, and 2E1 are involved in the metabolic activations of carcinogens such as benzo(a)pyrene, N-nitrosodimethylamine, and afl atoxin B 1 . Furthermore, CYP-mediated oxidative metabolism of the substrates may generate toxic electrophiles and reactive oxygen species (ROS). Some pathophysiological alterations www.food.actapol.net/ have been reported to modulate some CYP enzymes in liver. For example, higher hepatic CYP2E1, CYP2B, CYP3A, and CYP4A expression was found in uncontrolled diabetes. Steatosis produced by high fat diets rich in polyunsaturated fatty acids and that induced by chemicals such as ethanol or CCl4 are established as the experimental models of diet and chemical-mediated liver injury, respectively. Those models have been reported to be associated with liver injuries via alteration of hepatic expression of drug-metabolizing enzymes such as CYP2E1 and CYP4A.
Phase II enzymatic reactions refer to conjugation reactions that involve the addition of the intracellular polar groups including glucuronate, glutathione, sulfate, glycine to the foreign molecules and function to eliminate electrophiles and ROS generated by phase I reactions, thereby protecting organisms against chemical insult. Microsomal UDP-glucuronosyltransferase (UGT) and cytosolic glutathione S-transferase (GST) are two important phase II enzymes that catalyze the conjugation reactions resulting in the formation of water-soluble glucuronate and glutathione conjugates to facilitate the excretion of xenobiotics [Yao et al. 2012] .
Foods, such as fruits, vegetables, alcoholic beverages, teas, and herbs, which consist of complex chemical mixtures, can inhibit or induce the activity of drugmetabolizing enzymes [Fragoso and Esparza 2013] . Detailed information about the interactions of specifi c foods on dugs will be given in the following sections of this review.
EFFECTS OF NUTRITIONAL STATUS ON DRUGS
The presence of nutritional abnormalities might have an effect on drugs. Drug dosages may need adjustment based on actual body weight for some drugs. Based on actual, ideal, or an adjusted body weight corrected for lean body mass, other drugs can need to be dosed differently in obese, normal, and underweight patients. Somatic protein status may affect the dosing of medications that bind to somatic protein [Frankel 2003 ].
Pharmacokinetic and pharmacodynamic data in special patient populations usually focus on those with renal impairment, hepatic dysfunction, or unique lifestage attributes. Although the infl uence on drug metabolism has been recognised, drug disposition is much less frequently assessed based on nutritional status (e.g., protein-calorie malnutrition, obesity, micronutrient defi cits). The nutritional status of subjects in clinical drug trials has not always been well described ].
The infl uence that nutrition status might have on drug disposition and effect is included as one of the fi ve broad categories in the classifi cation of drug--nutrient interactions. In the way that a precipitating factor to the interaction, nutrition status might result in drug toxicity or drug treatment failure related to the malnutrition's degree. Related with other fi elds of drug-nutrient interactions, the data available to clinicians are limited for the infl uence of obesity on drug disposition and even less for PCM (protein-energy malnutrition) .
Several reviews about obesity and drugs are presented as regard to clas-specifi c considerations. In all these, antimicrobals in obesity get more attention and it is also been suggested in the case of antibiotics used in undernourished children.
FOOD EFFECT ON DRUG DISPOSITION
Oral drug administration concurrent with food intake can infl uence the rate and/or extent of drug absorption and alters the physicochemical conditions within the gastrointestinal tract. The latter is more clinically important varying with drug properties and meal characteristics. The ability to predict the effect of food on drug disposition has become more grounded. Prediction based on classifi cations of physicochemical drug properties (e.g. Biopharmaceutics Classifi cation System [BCS] or the Biopharmaceutics Drug Disposition Classifi cation System [BDDCS]) together with physiologic variables has become useful ].
The FDA issued in 2002 a guidance entitled: "Food-Effect Bioavailability and Fed Bioequivalence Studies". High fat meals are recommended in this manual for food-effect studies, as meal conditions that 800-1000 cal; 50-65% from fat, 25-30% from carbohydrates, and 15-20% protein are expected to provide the greatest effects on gastrointestinal physiology so that systemic drug availability is maximally affected. It is basically believed that food effects result from changes in drug solubility and other factors as listed by the FDA, such as food might: "delay gastric emptying; stimulate bile fl ow; change gastrointestinal pH; increase splanchnic blood fl ow; change luminal metabolism of a drug substance; and physically or chemically interact with a dosage form or a drug substance". Additionally, it is also necessary to consider the fl uidic environment and the resulting components present in the GI tract following a meal high in fat [Custodio et al. 2008] .
By using Biopharmaceutics Classifi cation System, in vitro data could be developed and so it can often predict drug disposition and food effects. There are four Biopharmaceutics Classifi cation System classes based on drug solubility and intestinal permeability. Class II drugs have low solubility but high permeability and are expected more than drugs in the other three classes to have an enhanced extent of absorption when administered with food. The size of change in bioavailability can benefi t to determine how clinically signifi cant the difference between the fed and fasted states is. On the other hand, food will impair the absorption of drugs with poor permeability, despite adequate solubility (i.e. Biopharmaceutics Classifi cation System Class III) [Boullata and Hudson 2012] .
Some fruit-drug and vegetable-drug interactions are shown in Table 3 and cytochrome activity. The chemicals responsible for enzyme inhibition are furanocoumarins. This inhibitory effect is long-lasting, and requires the synthesis of new enzyme proteins for the "grapefruit juice effect" to disappear, and repeated juice intake amplifi es the process. Thus, grapefruit juice ingestion can increase the absorption and blood levels of certain drugs, which can cause adverse effects, even overdose, to occur. On the other hand, drugs administered as pro-drugs may have less effectiveness, as the enzymes responsible for converting them into active metabolites are inhibited. While there are no current reports of "grapefruit seed extract" (touted as having antiparasitic and antimicrobial effects) causing similar alterations, this may change as more information becomes available [Robinson 2007 ]. Soy protein isolates reduce the expression and activity of the cytochrome P450 (CYP)-metabolizing isoenzyme CYP1A1 by a posttranslational reduction of the transcription factor AhR (aryl hydrocarbon receptor). Based on a gene array screening method, soy isofl avones can signifi cantly upregulate two drug transporters and three phase I and two phase II enzymes ].
The observed induction and inhibition of CYP enzymes by natural products in the presence of a prescribed drug has led to the general acceptance that natural therapies can have adverse effects. Herbal medicines such as St. John's wort, garlic, piperine, ginseng, and gingko, which are freely available over the counter, have given rise to serious clinical interactions when co-administered with prescription medicines. Such adversities have spurred various preclinical and in vitro investigations on a series of other herbal remedies, with their clinical relevance yet to be established [Fragoso and Esparza 2013] . Regarding intestinal metabolism, metabolic food-drug interactions have been widely reported with Cytochrome P450 3A4 (CYP3A4) receiving considerable attention. This is the expected case as numerous drugs marketed worldwide are metabolized by CYP3A4 [Custodio et al. 2008 ]. If we consider that CYP3A4 is responsible for the metabolism of more than 50% of clinical pharmaceuticals, all nutrientdrug interactions should be considered clinically relevant, in which case all clinical studies of drugs should include a food-drug interaction screening [Fragoso and Esparza 2013] .
EFFECTS OF DRUGS ON NUTRITION STATUS
Some drugs can have an effect on a patient's nutritional status. The mechanisms for these effects are varied and are usually due to drug side effects [Frankel 2003] . A drug can enhance or inhibit nutrient bioavailability. Thus, it affects the nutritional status of individuals. For instance, elderly people, who are taking multiple medications for a long period of time are often found to be defi cient in one or more nutrients. Other age groups, such as young children and adolescents, are also particularly at risk. There is a potential problem with drug-nutrient interactions in adolescents because their nutrient needs are higher than those of adults. Pregnant women and infants are the other groups also at particular risk.
The reason of these defi ciencies is not only based on the chemical reactions between drugs and nutrients but also on the dose and duration of treatment/ exposure to the drug. Drugs can interfere with nutrient utilizations at several sites starting from the ingestion of the food to the fi nal stage of excretion [Wunderlich 2004 ].
Food intake and absorbtion
The infl uence of medication on overall nutritional status can be due to many factors. Drugs can infl uence food intake, digestion, and absorption ]. Many drugs can cause anorexia, alter taste and smell, cause nausea and vomiting, and ultimately affect overall food intake [Wunderlich 2004 ]. Nonsteroidal antiinfl ammatory agents, commonly used to treat arthritis, including aspirin, can cause irritation of the upper gastrointestinal mucosa and even cause ulcers. This can depress appetite and produce weight loss [Frankel 2003 ]. On the other hand, some anorectic drugs are used for weight loss and to treat obesity by reducing appetite. Examples are adrenergic and serotoninergic agents, which cause satiety, reduce appetite, and increase energy expenditure leading to weight loss. A good example for adrenergic drugs are amphetamines that stimulate secretion of norepinephrine and reduce food intake [Wunderlich 2004 ].
The using of chemotherapeutic agents to treat cancer can affect growing tissues, particularly the lining of the gastrointestinal tract (GIT). Nausea is a common side effect and can interfere with eating. Some patients can have oral and esophageal lesions and it can cause pain upon chewing and swallowing (odynophagia). Thus, this formations lead to limits oral intake. Antibiotics can suppress commensal bacteria, and this may result in overgrowth of other organisms such as Candida albicans. Overgrowth in the GIT may produce malabsorption and diarrhea. Overgrowth in the mouth may result in candidiasis or thrush, which can reduce oral intake [Frankel 2003 ].
Taste and smell are very important factors that infl uence food intake and can subsequently affect the nutritional status of individuals. Taste alteration (dysgeusia or hypogeusia) due to medications is very common. Some hypoglycemic agents like glipizide, the antimicrobials amphotericin B, ampicillin, and antiepileptic phenytoin are among the medications that alter taste perception. Other examples are given in Table 5 [ Wunderlich 2004 ].
Many drugs reduce salivation and cause dryness of the mucus membranes. This can also inhibit oral intake. Nausea, vomiting, diarrhea, and constipation are ubiquitous side effects associated with most medications and even with placebo medications. Also, oral intake of food may be reduced due to these effects [Frankel 2003 ].
Because of the presence of drugs, several mechanisms can affect nutrient absorption. Drugs can damage the intestinal absorptive surfaces including villi, microvilli, brush border enzymes, and the transport system. Also drugs can affect the absorption of nutrients by changing the GI transit time or the overall GI chemical environment. Absorption of micronutrients, vitamins and minerals, as well as macronutrients, protein and fat, are affected by the type, dosage, and strength of some drugs.
Many laxatives, mineral oil, and cathartic agents reduce transit time in the GI tract and may cause steatorrhea and loss of fat-soluble vitamins, A and E, and possibly calcium and potassium. Drugs containing sorbitol, such as theophyline solutions,can induce osmotic diarrhea and so shorten the transit time. Antacids change the pH of the stomach and cause chelating with some minerals, consequently reducing their absorption. Higher pH in the stomach reduces the absorption of iron, calcium, zinc, and magnesium [Wunderlich 2004] .
Weight gain and metabolism
Several groups of drugs can increase appetite and consequently lead to weight gain. Anticonvulsants (caramazepine and valproic acid), antihistamines (cyproheptadine hydrochloride -Periactin), psychotropic drugs (chlordiazepoxide hydrochloride -Librium, diazepam -Valium, chloromazine hydrochlorideThorazine, meprobamate -Equanil), and corticosteroids (cortisone, prednisone) could be given as examples of such drugs. A synthetic derivative of progesterone, medroxyprogesterone acetate or megestrol acetate, used for the treatment of hormone-sensitive breast and endometrial cancer, may increase appetite, food intake, and weight gain [Wunderlich 2004] .
Dronabinol (Marinol®), also known as THC (from tetrahydracannabinols), the active principle in cannabis, is also used as an appetite stimulant. Oxandrolone (Oxandrin®) is an anabolic steroid approved for weight gain. Megesterol (Megace®) can enhance appetite and it is a progestin used to treat certain types of cancer. Cyproheptadine (Periactin®) has been used to enhance appetite, although this is an off-label use and not an FDA-approved indication [Frankel 2003 ]. The formulation of drugs in lipid emulsion (e.g. in 10% soybean), contributes to a signifi cant amount of additional energy intake. Other drugs (e.g. lorazepam, morphine, pancuronium) can change the bodyweight by decreasing the body's energy expenditure [Wunderlich 2004] .
Besides drugs specifi cally indicated to affect changes in appetite, some drugs may affect appetite as a side effect. Several antidepressants have been observed to consistently increase or decrease appetite [Frankel 2003 ]. Several metabolic adverse effects (i.e., weight gain, hyperglycemia, dyslipidemia) have been associated with the use of the second-generation antipsychotics. An evaluation of a large database revealed that weight gain (increased BMI) was significantly more likely with the use of risperidone, quetiapine, and olanzapine compared with fi rst-generation antipsychotic agents, while weight gain was less likely with aripiprazole, ziprasidone, and clozapine .
Some of the important functions of vitamins and several minerals are being coenzymes/cofactors in metabolic processes in the human body. As a result, certain drugs are targeted to these coenzymes (antivitamins) in order to reduce the activity of some enzymes in related metabolic reactions. Good examples of these drugs are methotrexate (MTX) for treating leukemia and rheumatoid arthritis; trimethoprim, used with sulfa for Pneumocystis carinii pneumonia; and aminopterin and pyrimethamine, used for treating malaria and ocular toxoplasmosis. Vitamin folate is a cofactor for the enzyme dihydrofolate reductase. It is necessary for nucleic acid biosynthesis and cell replication. This vitamin will be excreted because the drugs displace it from dihydrofolate reductase to reduce cell replication. Prescription for supplements for these patients should be cautioned and monitored. Another example is the anticoagulant drug, coumarin, which is a vitamin K antagonist [Wunderlich 2004 ].
Nutrient excretion
Competitive binding and altered reabsorption mechanisms can cause drugs to induce nutrient excretion. D-Penicillamine chelates with toxic metals, and with some other metals like zinc, eliminating it via urine. Ethylenediaminetetra-acetic acid (EDTA) has been shown to cause urinary excretion of zinc. Some diuretics, such as furosemide, ethacrynic acid, and triamterene, reduce the reabsorption of electrolytes and minerals such as calcium, magnesium, zinc, and increase renal excretion of these elements. The using of thiazide and loop diuretics can often cause sodium loss in the urine. Potassium-sparing diuretics spare potassium and magnesium loss but augment urinary sodium loss. Depletion of magnesium is associated with chemotherapeutic agents such as cisplatin. Therefore, magnesium supplement often is recommended between the chemotherapy treatments for these patients [Wunderlich 2004 ].
MEDICINES EXHIBITING POOR BIOAVAILABILITY IN PRESENCE OF FOOD
Drugs can be grouped as their chemical makeup or actions in the body. Different foods can interact with more than one class of drugs. If the patients are not sure which classes their medicines fall into, they must ask the doctor or pharmacist [Bobroff et al. 2009] . Some useful information and advices are given below that is about common used medicines.
Antihistamines
Antihistamines are used to treat or relieve symptoms of colds and allergies. They block the histamine the body releases when a substance (allergen) causes the symptoms of an allergic reaction. Some antihistamines can cause drowsiness [FDA 2013 ]. Also they may increase the appetite, which can lead to weight gain [Bobroff et al. 2009] .
Brompheniramine, cetirizine and chlorpheniramine are some of the typical examples of this group medicines. People who take this drugs should avoid alcohol because it can add to any drowsiness caused by these medicines [FDA 2013 ]. Also, they should avoid sedating herbs (e.g., lemon balm, kava kava, california poppy, catnip, St. John's wort, skullcap, and valerian) which can increase the sedative actions of anti-allergy drug, causing drowsiness, disorientation, and serious lethargy [Wallace et al. 2013] .
Analgesics
Analgesics are widely used drugs that relieve pain and they often cause stomach irritation [Bobroff et al. 2009 ]. Salicylates, including aspirin, have long been recognised to induce gastric distress. This may progress to anemia secondary to occult blood loss in patients who take large doses over an extended period of time. The potential for gastric distress is reduced when taken with meals or milk [McCabe et al. 2003] .
Acetaminophen is a kind of example of analgesic. If three or more alcohol is consumed every day, it must be consulted with doctors to whether it should be used medicines with acetaminophen or other pain reliever/ fever reducers. Acetaminophen can cause liver damage. The chance for severe liver damage is higher if three or more alcohol drinks are used every day [FDA 2013] .
Antibiotics
Antibiotics are used to treat bacterial infections. There are many different types of antibiotics [Bobroff et al. 2009 ]. They deplete folic acid, biotin and B complex vitamins and vitamin K, Lactobacillus acidophilus and bifi dobacteria. These are friendly bacteria that colonize the intestinal tract and support healthy digestion and immune function. The probiotic bacteria should be replaced with a supplement during and following use of this medication.
Mineral supplements (magnesium, calcium, zinc, iron, selenium, iodine) need to be taken at least 2 hours away from antibiotics, as they can bind to the drug and reduce its absorption [Wallace et al. 2013] . Penicillin and erythromycin are destroyed by stomach acid when taken with food. So it is most effective when taken on an empty stomach. However, food can reduce the chance of stomach irritation from these drugs [Bobroff et al. 2009] . If signifi cant gastrointestinal distress occurs, these drugs can be taken with food, although that will alter the pharmacokinetics of the dose. Furthermore, before intake of dairy products, it should be well considered. Because milk products are among the few rich sources of ribofl avin, as well as an easily consumed and inexpensive protein source [McCabe et al. 2003 ].
Anticoagulants
Anticoagulants slow the process of blood clotting. This can decrease risk of strokes in patients whose blood tends to clot too easily. These drugs, like warfarin (Coumadin), work by interfering with the use of vitamin K in blood clotting [Bobroff et al. 2009 ]. Vitamin K can make the medicine less effective. Warfarin can be taken on a full or empty stomach. Normal balanced diet with a steady amount of leafy green vegetables can be eaten, and it should be asked to doctor before making changes in the diet. Foods high in vitamin K include broccoli, cabbage, collard greens, spinach, kale, turnip greens, and brussel sprouts.
Cranberry juice or cranberry products can change the effects of warfarin while using anticoagulants. These products should be avoid while using warfarin. In addition, many dietary supplements and vitamins can interact with anticoagulants and reduce the benefi t or increase of the risk of warfarin. Avoid garlic, ginger, glucosamine, ginseng, and ginkgo because they can increase the chance of bleeding. Moreover, avoiding alcohol is an important issue because it can affect the dose of warfarin [FDA 2013] .
ACE inhibitors (Angiotensin Converting Enzyme inhibitors)
ACE inhibitors lower blood pressure or treat heart failure. They relax blood vessels so blood fl ows more smoothly and the heart can pump blood better. Some of the examples of these drugs are captopril, enalapril, lisinopril, moexipril, quinapril and ramipril.
Patients should take captopril and moexipril one hour before meals. In addition, ACE inhibitors can increase the amount of potassium in the body and too much potassium can be harmful and can cause an irregular heartbeat and heart palpitations. Some foods like bananas, oranges, green leafy vegetables contain large amounts of potassium. Thus, patients should avoid eating these foods or tell the doctor if they are taking salt substitutes with potassium, potassium supplements, or diuretics (water pills) [FDA 2013] .
Beta blockers
Beta blockers are in widespread use for the treatment of a variety of cardiovascular diseases: these include stable and unstable angina pectoris, hypertension, acute myocardial infarction, congestive heart failure due to systolic or diastolic dysfunction, and the therapy and prevention of some arrhythmias [Auer 2004 ]. It should not be stopped that taking a beta blocker suddenly without talking to the doctor. If it is done, patients can get chest pain, an irregular heartbeat, or a heart attack. The doctor might tell users to decrease the dose gradually. www.food.actapol.net/ Carvedilol and metoprolol are main types of this medications. Carvedilol should be taken with food to decrease the chance it will lower the blood pressure too much. This medicine should be taken extended release capsules in the morning with food and it should not crush, chew, or divide the capsule [FDA 2013] .
Diuretics
Diuretics cause excretion of a higher amount of more urine and are often used to treat high blood pressure and fl uid buildup. Some diuretics increase urine losses of minerals such as potassium, magnesium, and calcium while others limit mineral loss [Bobroff et al. 2009] . Bumetanide, furosemide and hydrochlorothiazide can be given as an example of these medications [FDA 2013] . Hydrochlorothiazide (HCTZ) depletes magnesium, folic acid, vitamin B6, zinc and coenzyme Q10. It should be accepted that a multiple vitamin and 30-90 mg coQ10 daily replace these nutrients. Many herbs are also contraindicated: alder, buckthorn, cascara sagrada, cleavers, dandelion root, digitalis, forskolin, ginseng (panax or Siberian), horsetail, licorice, St. John's wort and uva ursi. Thiazide diuretics decrease calcium loss in the urine due to actions on the kidneys. As a result, it may be less important for some people taking thiazide diuretics to supplement calcium than it is for other people. Patients should avoid taking calcium (above 400 mg/day) or vitamin D (above 400 iu/day) while taking this drug [Wallace et al. 2013] .
Antineoplasts
Antineoplastic agents are used to treat several types of cancer. These drugs can irritate the cells lining the mouth, stomach, and intestines. Many cause nausea, vomiting, and/or diarrhea. The fi rst folate antagonist recognized was methotrexate (Mexate®), which may also lower absorption of vitamins (B 12 and carotene), fat, lactose, and calcium. Avoidance of milk products at the time of taking methotrexate is also advised. All of these can affect nutrient status [McCabe et al. 2003 ]. Supplementation of folic acid may be recommended for people taking this drug, but it should be asked to doctor before starting folic acid [Bobroff et al. 2009 ].
Bronchodilators
Bronchodilators treat and prevent breathing problems from bronchial asthma, chronic bronchitis, emphysema, and chronic obstructive pulmonary disease (COPD). These medicines relax and open the air passages to the lungs to relieve wheezing, shortness of breath, troubled breathing, and chest tightness [FDA 2013] .
Some of the examples of these type of medications are albuterol and theophylline. Albuterol depletes calcium, magnesium and potassium. Avoid digitalis (foxglove) family herbs, which interact negatively with the medication [Wallace et al. 2013] . Using bronchodilators with foods and drinks that have caffeine can increase the chance of side effects, such as excitability, nervousness, and rapid heart beat. Avoiding alcohol is very important if using theophylline medicines because alcohol can increase the chance of side effects, such as nausea, vomiting, headache, and irritability [FDA 2013 ].
Lipid-altering agents (Statins)
Statins lower cholesterol by lowering the rate of production of LDL (lowdensity lipoproteins). Some of these medicines also lower triglycerides. Some statins can raise HDL-C (highdensity lipoproteins), and lower the chance of heart attack, stroke, or small strokes.
Atorvastatin, fl uvastatin and lovastatin are the main examples in this group of medicines. Most statins can be taken on a full or empty stomach. Some statins will work better if taking them with an evening meal. In addition, more than one quart of grapefruit juice a day shouldn't be drunk if taking atorvastatin, lovastatin, or simvastatin. Large amounts of grapefruit juice can raise the levels of those statins in the body and increase the chance of side effects. Some statins do not interact with grapefruit juice. Thus, patients should ask their doctor or pharmacist. Moreover, people should avoid alcohol because it can increase the chance of liver damage [FDA 2013] .
Psychotropic agents
There are many groups of psychiatric drugs according to several chemical classes and different mechanisms. Weight gain has been a clinically reported side effect in almost every class and is likely multifactorial in origin. Appetite stimulation, restricted physical activity, organized group activities with food, increased sleep patterns, and regain of previously lost weight are just a few possible contributing factors related to psychiatric hospitalization. Smoking is extremely prevalent among mental health patients, bringing increased requirements for certain nutrients such as vitamin C and lower intakes of other nutrients (e.g., folate and vitamin B 12 ).
It is common in all these kind of medications to avoid alcohol. Alcohol can add to the side effects caused by these medicines, such as drowsiness [Mc--Cabe et al. 2003 ].
CONCLUSION
Food and drugs, both are necessary for good health, but they sometimes also bring side effects and risks when used at same time. Thus, the interactions need to be well identifi ed. Generally, the effect of food on drugs results in a reduction in the drug's bioavailability; however, food can also alter drug clearance. Drugs can infl uence food intake, digestion, absorption and exrections. Much more research is needed for identifi cation of this kind of interactions and pharmacists should be aware of the necessity of monitoring for potential drug-food interactions and advising patients regarding foods or beverages to avoid when taking certain medications.
